Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information, including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it does not display a currently valid OMB control number. This article has been peer-reviewed and accepted for publication, but has yet to undergo copyediting and proof correction. The final published version may differ from this proof.
Introduction
Traumatic brain injury (TBI) is a field in medicine with one of the greatest unmet needs . Globally, the incidence is increasing, mainly due to increasing traffic in low-and middle-income countries . In high-income countries, traffic legislation and improved car safety have resulted in a decrease in the incidence of TBI caused by road traffic incidents. Nevertheless, TBI remains a leading cause of death and disability in Europe and the US, both in children and young adults. There is therefore a great need to advance clinical care. In practice, however, much uncertainty exists about the benefits and risks of many treatment modalities, and the level of evidence underpinning authoritative guideline recommendations is relatively weak. These problems are aggravated by the heterogeneity of TBI in terms of cause, pathology, severity and prognosis. It would seem unlikely that we will ever be able to mount adequately powered trials to study all relevant treatment modalities.
Although Randomized Controlled Trials (RCTs) are considered the preferred approach for investigating novel therapies, these are costly and logistically demanding, and it is doubtful whether results obtained in selected populations of subjects enrolled into clinical trials in research centers are generalizable to the broader settings in which most of the care for TBI patients is provided.
Pooling data from multiple studies (individual patient data analysis) and
Comparative Effectiveness Research (CER) utilizing prospective observational data collection can provide alternative sources of evidence that can be 7 obtained in a more cost-efficient way. The direct relevance and potential of such approaches is illustrated by the results from the meta-analysis of individual patient data performed by the IMPACT study group and by the observation that major advances in clinical care for TBI have resulted from previous observational studies such as the US Traumatic Coma Databank (Foulkes et al., 1991) , the European Brain Injury Consortium (EBIC) Core Data Survey (Murray et al., 1999) , The Vietnam Head Injury Study (Salazar et al., 1995) , and the Trauma Audit And Research Network Registry (TARN) (Patel et al., 2005) . When undertaking high-quality observational data collection across multiple settings or when analyzing individual patient data from various studies, standardization of data collection and coding is essential. In TBI, there is no lack of data, but we can never take advantage of the potential resulting from the availability of these data if they have not been collected in a uniform way. A general consensus on choice and coding of variables (Common Data Elements) for TBI studies is not only highly desirable from a scientific point of view, but also from a perspective of cost efficiency because repeated development of case report forms for new studies will be obviated, and costs for funding agencies consequently reduced.
With these considerations in mind, an interagency workshop on standardization of data collection in TBI and Psychological Health was organized in March 2009 (Thurmond et al., 2010) . General recommendations for collecting data on demographics and clinical assessment, neuroimaging studies, biomarkers and outcome for TBI have been published (Maas et al., 2010 , Duhaime et al., 8 2010 , Manley et al., 2010 , Wilde et al., 2010 . Here we present the full scope of the recommendations for assessment and collection of clinical data in TBI trials and observational studies during the acute, subacute and chronic phases.
The global aim is to develop TBI Common Data Elements for use across the broad spectrum of TBI. TBI was defined as: "An alteration in brain function, or other evidence of brain pathology, caused by an external cause" (Menon et al., 2010) . The recommendations are presented in modular format in order to facilitate the production of common case report forms (CRF).
Methods
The process for developing Common Data Elements for TBI was consensusdriven. As multidisciplinary working group (WG), with representation from many agencies and organisations, we prepared preliminary recommendations for presentation during the interagency workshop on "Standardization of Data Collection in TBI and Psychological Health", which was held in March 2009, in Washington, D.C. The feedback obtained led to substantial refinements which were discussed during three subsequent face-to-face meetings, and implemented into a beta-version of the CDEs. This beta-version was discussed during a two-day meeting with international TBI experts from the fields of neurosurgery and intensive care medicine. Suggestions for further improvements were incorporated in subsequent releases. Templates were developed for each data element, providing information on definitions, coding formats, plausible values, recommendations for procedures and explanation of choices. We sought to ensure compatibility with the NINDS-broad common data elements project (www.commondataelements.ninds.nih.gov).
Structure of CDEs
The proposed CDEs contain all essential data elements for use across the broad spectrum of TBI. Related elements were combined in modules, which are grouped together in categories. For example, the data elements "age, gender and race" are combined in the module "demographics" under the category "subject characteristics".
In total, eight main categories were identified:
• Participant/subject characteristics The overall structure of the CDEs is presented in Figure 1 . We recognized that the required level of detail for coding elements may vary greatly according to the aim of a This article has been peer-reviewed and accepted for publication, but has yet to undergo copyediting and proof correction. The final published version may differ from this proof. particular study. We therefore present up to 3 possible levels for coding each element: basic, intermediate, and advanced. The greatest level of detail is provided in the advanced version. In every case, the more detailed formats can be collapsed into the intermediate or basic versions, thus facilitating analysis of individual patient data across studies. Figure 2 provides an example of these three levels of coding . Many of the recommended elements represent "plug-in" elements and can be used multiple times in the development of a CRF. For example, assessments of the Glasgow Coma Scale Score (GCS) and pupillary reactivity may be recorded prehospital, on admission, and repeatedly during the acute care phase.
The selection of CDEs, and the level of detail for their coding, will depend on specific study requirements. The proposed CDEs offer sufficient flexibility for broad application as basic, intermediate and advanced levels can be mixed when designing a CRF. An example of how data elements can be compiled for an acute care study on severe TBI is presented in Figure 3 . Recording age is considered essential to all TBI studies because causes of injury and consequences for patterns of damage vary by age. Age is also a strong predictor for outcome (Bullock et al., 2000 , Mushkudiani et al., 2007 .
Description of clinical CDEs

Race and ethnicity
There are no international standards for classifying race and ethnicity.
Recommendations for reporting race in at least five categories are mandated by the Office of Management and Budget (OMB) of the United States government (www.whitehouse.gov/OMB/FEDREG/OMBDIR15.html). We therefore took a pragmatic approach and chose to further subdivide the broad categories prescribed by the OMB at several levels. In subjects of multiracial origin, multiple categories may be marked.
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Many reasons exist for recording race and ethnicity in TBI studies:
• to detect possible disparities in pre-injury health and access to health care in the acute and post-acute phases after TBI.
• To identify racial variations in drug pharmacokinetics or pharmacodynamics
• To clarify the demonstrated association between race and outcome, which is not related to differences in cause of injury or to injury severity (Mushkudiani et al., 2007) .
Race and ethnicity are overlapping concepts, but given the constraints of the OMB recommendations, they should be documented separately. It should be recognized that race is perhaps more a social and cultural construct and that classification is not always anthropologically or scientifically based. Importantly, race should not be seen as a surrogate for genetic variation, as only approximately 10% of genetic variation occurs between races ( Jorde and Wooding, 2004) .
Education
We recommend recording both the number of years of education completed and the highest level achieved. Achievement is considered more relevant than attendance (number of years). Educational level is an important component of socioeconomic status, and the level of educational achievement is related to outcome in TBI. This article has been peer-reviewed and accepted for publication, but has yet to undergo copyediting and proof correction. The final published version may differ from this proof.
Although return to work is often considered a relevant outcome parameter for subjects in the paid workforce, we should recognize that other social roles such as homemaker or volunteer worker are equally relevant. We therefore prefer the more general term "productive activity" and recommend collecting data on these role activities separately.
Participant and family history
The category "participant and family history" contains modules on medical history, history of TBI exposure, pre-existing medications, behavioral history, and family history. In contrast to many previous studies in which data on pre-existing conditions and pre-existing medications have been recorded in free text format, we strongly recommend the use of pre-specified formats. This is becoming increasingly relevant, as data from the European Union This article has been peer-reviewed and accepted for publication, but has yet to undergo copyediting and proof correction. The final published version may differ from this proof.
documenting lifetime history of TBI, we recommend use of the Ohio State University TBI Identification Method Short Form (Corrigan et al., 2007) Injury/disease related events
The category "injury/disease-related events" contains modules on presentation, injury severity, second insults and destination after initial evaluation.
Presentation
We recommend different formats for recording details on initial evaluation and referral for patients presenting early vs. those presenting late. For patients who present early, referral policy, mode of transport and emergency medical care, as well as time of arrival, are relevant. For patients presenting late after injury, the main reason for presentation is perhaps the more relevant factor, and this will facilitate later characterization of the population captured. Late presentation is particularly common in individuals with mild TBI. Military service members and athletes may tend to avoid seeking immediate care or to minimize symptoms in order to fulfil their mission/game objectives and to not let down their comrades/team. Moreover, these groups are prone to repetitive injuries. Once these patients are in more usual or less structured environments, symptoms that seemed manageable may not resolve and may lead injured individuals to seek care long after injury, or after repetitive exposures. Late presentations based on self-report present problems for clinicians required to diagnose these injuries long after the event, and to systems that seek to provide fair compensation to injured individuals. In such situations it can sometimes be very difficult to establish a diagnosis of mild TBI definitively. This article has been peer-reviewed and accepted for publication, but has yet to undergo copyediting and proof correction. The final published version may differ from this proof.
Definitions of mild TBI vary considerably across studies (Comper et al 2005) . The American Congress of Rehabilitation Medicine has presented criteria for mild TBI, defining a loss of consciousness (LOC) of less than 30 minutes and post-traumatic amnesia (PTA) of less than 24 hours (ACRM 1993). Alteration of consciousness (AOC) not involving LOC or PTA (i.e., being dazed or confused, or patients reports that they saw 'stars' at the time of injury) is also included as indicating a mild TBI.
Documentation of the presence of LOC, duration of PTA, other AOC (including confusion) and careful clinical interview are considered the best means of consolidating clinical evaluations and self-report to provide diagnosis of TBI and to characterize its severity in these patients. For assessing complaints and symptoms in studies of conscious subjects captured immediately after injury, we advocate the use of the structured assessment as contained in the acute concussion evaluation forms.
Type of injury
Traditionally, TBI is divided into closed vs. penetrating injuries. We recommend a broader documentation of type of injury into four categories: closed, penetrating, blast and crush. This reflects the changing epidemiology and increased recognition of blast injuries of the brain as a specific entity (Wolf et al., 2009 , Ling et al. 2009 ).
Crush injuries result from a slow mechanical force applied to the skull, and are therefore different from acceleration/deceleration or impact trauma.
Place and cause of injury
Although nearly every TBI study conducted in the past has attempted to capture essential information on place and (external) cause of injury, approaches to coding have been inconsistent and often confuse different aspects For example, categories such as road traffic incident or fall may be lumped together with home, suicide or This article has been peer-reviewed and accepted for publication, but has yet to undergo copyediting and proof correction. The final published version may differ from this proof.
work. We recommend a clearer separation in which place of injury captures information on the location (for example, street, home, work, sports field) and the element "cause of injury" being more directed towards a causative factor (e.g., road traffic incident or fall). We further advocate to record whether injuries were intentional or not.
Accurate documentation of cause and mechanism of injury is important for two reasons: first, the type of brain damage that may be expected varies by injury mechanism (e.g., more contusions in patients who have sustained a fall; potentially unique injury patterns associated with explosions/blasts)) and second, from a perspective of prevention. For more detailed recording of mechanisms of injury caused by road traffic incidents, we strongly recommend documenting the function of the victim and that of the "other party" separately. This is relevant because vulnerable road users (pedestrians, cyclists and motor cyclists) are particularly at risk and account for almost half of all deaths due to road traffic incidents (WHO/OMS, 2009).
In keeping with the addition of blast as separate type of brain trauma (above), we also include explosions/blasts as a mechanism of injury that should be documented in detail.
Classification
We recommend a broad and multidimensional approach to classifying the severity of This article has been peer-reviewed and accepted for publication, but has yet to undergo copyediting and proof correction. The final published version may differ from this proof. preparation). For assessment of the severity of extracranial injuries, we recommend the use of a simplified version of the Abbreviated Injury Scale (AIS; med. AftAoA 1990) and calculation of the injury severity score (ISS) (Baker et al., 1974) . For TBI patients we further consider it important to document the coexistence and severity of spinal injuries separately.
Severity of brain damage is commonly assessed by measuring the depth and duration of loss of consciousness and/or duration of posttraumatic amnesia , and by quantifying the extent of structural damage through neuroimaging. Subjects with TBI are commonly grouped into three distinct categories according to the Glasgow Coma Scale (GCS) score: severe (GCS 3-8), moderate (GCS 9-12), or mild (GCS 13-15).
Although we strongly support the continued use of the GCS as an indication of the severity of brain damage, we should recognize that the severity lies across a spectrum and that categorization into a limited number of categories leads to loss of valuable information. Greatly different patterns of injury and pathology may be seen on structural imaging in patients with similar grades of clinical severity assessed by the GCS (Saatman et al., 2008) . A more comprehensive and multidimensional approach to classification of TBI is advocated, but realization of this goal will require further research. An alternative approach to expressing severity is by prognostic classification in which the baseline prognostic risk for early mortality or functional outcome assessed by the Glasgow Outcome Scale is calculated. Validated models developed on large patient samples are now available (MRC CRASH Trial Collaborators, 2008; Steyerberg et al., 2008) . We advocate increased use of these models. Consequently, documentation of the core predictors (Table 1) utilized in these models is considered essential for all TBI studies. This article has been peer-reviewed and accepted for publication, but has yet to undergo copyediting and proof correction. The final published version may differ from this proof.
Second insults
Second insults may be systemic or intracranial and can aggravate processes of secondary damage in a brain rendered vulnerable by the primary injury. Systemic insults (e.g., hypoxia, hypotension and hypo/hyperthermia) may occur prehospital, during transport and in-hospital. We recommend different formats for coding such insults in the prehospital situation vs. in-hospital. Because accurate measurements are not always possible in the prehospital situation, we recommended a broad categorization. In-hospital, however, more detailed values are available. In the advanced version we therefore recommend detailed recordings on depth and duration of lower values, for example by presenting the percentage of time over which predefined ranges of values occur over a given period.
Assessments and examinations
The category assessments and examinations contains modules on vital signs and other body measures (e.g., height, weight), neurologic assessment (GCS, loss of consciousness, post-traumatic amnesia, alteration of consciousness), genetics, biomarkers and lab tests, imaging and non-imaging diagnostic tools. As a minimum, we advocate recording of vital signs (e.g., blood pressure, heart rate, temperature and oxygen saturation) on admission and further on a daily basis during the acute phase of the study. In the ICU environment, recording blood pressure and intracranial pressure (ICP) on an hourly basis is recommended in order to permit determination of the cerebral perfusion pressure (CPP). In the analysis phase, we recommend that all hourly data are referenced to date and time of injury, since this represents the only fixed time event that is common to all patients. Consensus on procedures for zeroing 
Treatments and Interventions
The category 'treatments and interventions' includes modules on study treatments (investigational treatments), emergency care, in-hospital treatment and rehabilitation/post-acute care.
Emergency Service Therapeutic Procedures
The contribution of early events and the importance of ultra-early management of acute TBI have only recently been acknowledged. Even small degrees of suboptimal early management may have profound effects on outcome by creating a 'ripple effect', exacerbating or accelerating underlying pathophysiologic processes. Recommended elements for data collection include management of airway, breathing, and circulation, as well as the necessity for emergency intra-or extracranial surgery. This article has been peer-reviewed and accepted for publication, but has yet to undergo copyediting and proof correction. The final published version may differ from this proof.
In-hospital treatment
The module on 'in-hospital treatment' includes elements for concomitant medication, intra-or extracranial surgery and therapy intensity level. Recording concomitant medication is often viewed as a nightmare by research personnel, but is essential, especially in the context of clinical trials with investigational medication in order to capture drug interactions. In addition to documenting the generic names of the medications given, we recommend a broad categorisation in order to facilitate analysis.
In previous trials, details on surgery have generally been entered in a free text
format. This has in many cases precluded any meaningful analysis. We therefore recommend the use of predefined categories. A proposal is presented, but we realise that this is may be controversial and will elicit debate. This article has been peer-reviewed and accepted for publication, but has yet to undergo copyediting and proof correction. The final published version may differ from this proof.
hourly recording of TIL justifies the investment in time. We therefore propose a novel approach with the expectation that this will offer a transparent and useful approach, coupled with a lower burden of data capture than hourly recording. For the basic level, we propose a simple 5-category scale, which permits a global approach to summarize the overall intensity of therapy over the entire treatment period or on a daily basis (Table 2) 
Protocol experience
This category includes modules on screening, enrolment criteria, informed consent, randomisation, protocol compliance and study completion. Many of these are studyspecific. The modules on screening and informed consent warrant special emphasis.
Screening
The importance and relevance of documenting the results of screening procedures have been severely underrecognized in TBI. We present formats to capture exposure to TBI in civilian and military settings and formats for use in randomized clinical trials. This article has been peer-reviewed and accepted for publication, but has yet to undergo copyediting and proof correction. The final published version may differ from this proof.
In RCTs, as well as in prospective observational studies, documentation of patient eligibility screening and exclusions is essential in order to monitor for the possibility of inadvertent selection bias, as mandated by the CONSORT Statement (Schulz et al. 2010) .
Informed consent
Accepted approaches to informed consent procedures in acutely mentally incapacitated patients such as in TBI and then frequently in an emergency situation vary considerably between and even within countries. The necessity for and validity of proxy consent in such emergency situations is subject to much controversial debate (Kompanje et al. 2005 , Stocchetti et al. 2004 . It has been argued that proxy consent cannot be considered a substitute for respect of the autonomy of individuals and concerns have been raised about the validity of a balanced decision making by proxy in emergency situations. Approaches taken must comply with national regulations and be accepted by the local IRB. We recognize the following main types of informed consent procedures:
Informed consent: consent given on basis of verbal or written information, either by patient of legal representative.
Proxy consent: consent given by someone else than the patient, e.g. a legal
representative or relative of the patient.
Consent by an independent physician: consent by a physician not directly related to the researcher or the department of the researcher, with no conflict of interest by the research project.
Deferred consent: consent given after enrollment by patient (deferred patient consent) or proxy (deferred proxy consent).
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Waiver of consent/ Exception from consent (EFIC): partially waived consent, or waiver or alteration of all elements of consent (e.g. no verbal and no written consent).
EFIC was introduced in the U.S. to allow emergency research in settings of a life threatening disorder. EFIC is subject to very strict rules and regulations, written in the Federal Register 21 CFR 50.24. These rules include that it must be reviewed by the FDA, and requires both community consultation and adequate public disclosure.
Where possible, patient or proxy consent should be sought later, but is not considered mandatory (in case of death, or when no relatives can be found). In every case in which EFIC procedures are followed, concerted efforts for obtaining (deferred) consent should be documented.
Accurate documentation of informed consent procedures is mandatory for all clinical studies, also for those without study related interventions. Accurate documentation of informed consent procedures employed, the time of obtaining consent and where appropriate the time of subsequent written confirmation is highly relevant and can be motivated from a legal and moral perspective and is mandatory in order to comply with ethical regulations.
Adverse events and safety data
Adverse event and safety data reporting is already largely standardized under the influence of regulatory authorities and Institutional Review Boards. However, templates are given on the above referenced websites. This article has been peer-reviewed and accepted for publication, but has yet to undergo copyediting and proof correction. The final published version may differ from this proof.
Outcome and Function
Information on mortality is important to determine whether death was related to the injury or to other factors, to determine risk factors for death, and to identify causes of death that could possibly be prevented. We recommend recording the underlying cause of death. When extended data recording is undertaken, we further propose the listing of the three main causes leading to death using International Classification of Diseases, 10 th Revision (ICD-10) codes. We further recommend investigation of the comparability between causes of death as captured in acute care studies by investigators versus those captured by nosologists, the medical record coders, assigning ICD-9 or ICD-10 codes.
Recommendations on the selection of instruments for assessing outcome have been proposed by Wilde et al (2010) . Considerable overlap is recognized with functional assessments to assess progress during the post-acute care phase; as such, we This article has been peer-reviewed and accepted for publication, but has yet to undergo copyediting and proof correction. The final published version may differ from this proof.
Discussion
We successfully developed general consensus on the coding of clinical data elements for use across the broad spectrum of TBI. The data elements are presented in a format for use as "building blocks" in the development of case report forms for TBI studies. We hope that these recommendations for Common Data Elements will promote better comparisons between studies and facilitate meta-analysis of individual patient data across studies. Standardization of data elements is essential in order to facilitate systematic reviews of evidence and to implement prospective Comparative Effectiveness Research in the field of TBI.
The recommendations presented have resulted from a large interagency initiative towards "an integrated approach to research in psychological health and traumatic brain injury" (Thurmond et al., 2010) . Within this initiative, four working groups on TBI addressed aspects of standardization concerning demographics and clinical assessment, biomarkers, neuro-imaging, and outcome. The proceedings of the workshop have been published (Maas et al. 2010 , Duhaime et al., 2010 , Manley et al. 2010 , and Wilde et al., 2010 . For detailed information on the recommendations on neuroimaging, biomarkers and outcome, we refer to these publications. The diversity and specific characteristics of the topics addressed by the working groups resulted in a different emphasis in these recommendations. For example, in the recommendations of the biomarkers and imaging groups, emphasis was placed on standardization of techniques and procedures, whilst in the outcomes group the main emphasis was on the selection of instruments. For demographics and clinical assessments we considered standardisation of coding of the variables the most important. The selection of variables to be recorded in a given study will be determined by the specific nature and focus of that study.
An element that might be considered core for an acute phase study, for example, may be totally irrelevant for an epidemiological or rehabilitation study. We consequently concluded that, at present, there was no rational foundation for either an evidencebased or consensus-based recommendation for selection of clinical variables. We considered it more relevant to propose different levels of coding for consistent and compatible documentation of variables across the diversity of settings in TBI.
We consider the process of developing standardization of data collection in TBI studies of great importance and crucial to advancing the care for TBI patients in the future.
The recommendations have been well-received in the field, and endorsements have been obtained from the AANS/CNS section on Neurotrauma and Critical Care, the International and National Neurotrauma Societies, and the European Brain Injury Consortium. We emphasize, however, that the process of standardization is (and will remain) an ongoing process. The current proposals for Common Data Elements represent a beta-version, which will require further refinement and validation in clinical practice. An ongoing observational study coordinated by Dr. Geoff Manley at UCSF is a first approach towards such validation. Following subsequent refinement, further validation in broader settings is advocated. We recognize that much additional work is required. First, the modules require translation into a web-based entry format with pull-down menus and automated data checks. Second, we recognize that approaches to analysis of parameters that are continuously monitored in the ICU setting, such as ICP, have not been addressed yet. Current approaches are often crude and widely diverging, using only momentary or summary measures. Here, we This article has been peer-reviewed and accepted for publication, but has yet to undergo copyediting and proof correction. The final published version may differ from this proof. Legends of figures.
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Fig 1:
Structure of common data elements. Related elements are combined in modules (blue), which are grouped together in categories (orange).
Fig 2:
Example of the three levels for coding a data element, with the greatest level of detail in the advanced format. Example of how data elements can be used for designing a case report form for an acute care study on severe TBI.
